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Abstract

The pebble shale unit and lower part of the Hue Shale comprise the
Lower Cretaceous, relatively condensed, organic-rich mudstone
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Introduction

Although the petroleum potential of the North Slope of Alaska has
been investigated extensively [e.g., see Magoon and others (1987) and
USGS Open-File Report 98-34 (1999) and references therein], very few

A High Resolution Study of Petroleum Source Rock Variation, Lower Cretaceous (Hauterivian and Barremian)
of Mikkelsen Bay, North Slope, Alaska

Methods

Core samples were collected approximately every 1 to 1.5 ft or wherever a
facies change was visible in the core. Unusually thin polished thin sections
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succession of the eastern North Slope of Alaska. The pebble shale high-resolution stratigraphic studies exist in the literature. A notable (apprgxunately 20 microns thick) were PLEPELEE Il photograph.ed using ° i?{na- Y om(;ft ILD ohmﬁw
] ] ] combined optical and electron optical (backscattered electron imagery) units A ’
unit has been interpreted to be gas-prone in the eastern North Slope exception is a recent paper by Robison and others (1996) which hod TE pd he mineral ¢ each 1 51y - V n tr j 7 1 t 50 250 110 60 1 10 100
region, but oil-prone to the west, where it is considered one of documents the internal variation in Rock-Eval pyrolysis parameters and ISR € tgxture;s present. SE e:lmlpera o8y 01, €ach sample were **11550 —— ‘
several sources for the Prudhoe area oil fields. The Hue Shale, other petroleum source-rock characteristics within the Triassic Shublik recofled at 1 Varlﬁ’f}’ of scales using: a Po aro;d 35 mm slide scalmner adap’i}‘d R o Ck EV al Summ ar 1
particularly the lower part, is considered a good oil-prone source Formation. tONFli € IiOl];S e}? ¢ Il)nlsect%ons (cm tolnam sca e),Oalconventlcl)nz.i bpetli’ograp 1; y 115557 . 1L 1
rock over the whole area. To evaluate variation in source potential (1 ! ton a' ophot Pol) rgl;:roscope ( 1 mn’:‘lt'o' ’ mmL_SCi e)f, ac sca:ere A 11560 |
and lithofacies and to determine controls on their deposition in the The Lower Cretaceous, relatively condensed, mudstone succession of ]egeckron 1m3ge1iy (< d mm  scale) udl 1zing  a ImSM c:}ur qula fan 11565 - Data ] ]
middle North Slope region, 45 core samples from the Lower the North Slope of Alaska is considered to be an important petroleum ackscattered electron ;JIG(C’(O; rzounte on a J e((:l)' J f6(;0 © e?trog Formation TOC S1 S2 S3 Tmax HI S2/S3 Pl $4/TOC 1 Gap
Cretaceous section of the Mobil-Phillips Mikkelsen Bay State #1 well source rock interval (see below). This succession comprises the pebble mlcrosc?ipe (ojgreiaiig eif A0Sy ‘]t it Eg g p;ratmg 1stan}f N dO innL)’ E)IIL e 3 : ]
were analyzed using Rock-Eval and microscopic techniques. shale unit and the lower part of the Hue Shale named the gamma-ray egergy ISpersive spefztrometry (Lin ELIRIDE I QY 1‘n 3.5 1.9 7.2 0.47 435 204 14 17 0.23 0.56 ° ° ° ° ° 11575 -
zone (GRZ). While the Hue Shale, and particularly the GRZ, is thought mini computer running ZAF 4 on a Jeol JSM 4600) to confirm the (21-56)  (<1:32)  (1.9416.1) (0.32-1.01) (430-439) (59-397) (6-32) (1.8-44.6) (0.11-0.4) (0.27-0.97) V ari atlon W1th1n Successmn ] ] ]
- . - . : . ' e mineralogical identity of individual grains. Sheet 2 shows our lithofacies 11580 T4 1
On the basis of lithology the studied section (11,606-11,664 ft) is to be a good oil prone source rock, the pebble shale unit is described as data and nt ot L B 0 135 136 0.44 438 336 1 323 0.09 0.34 ] ] ]
. . 3 . ; ata and interpretation. ower part of pebble shale : : . : : : : . : : :
divided into the pebble shale unit and the lower part of the Hue gas prone in the eastern North Slope (Magoon and others, 1987), but oil = S S (2.85.9) (0.82-2.46) (8.24-26.42)(0.27-0.69) (435-441)(278-449) (7-32) (15.8-60.0) (0.05-0.16) (0.23-0.54) 115855 z z
Shale, the Hue distinguished by a major increase upsection in the prone to the west where it is one of several sources for the Prudhoe Bay In order t luate vetrol tential of the L Cret 11590 . .
. R - n order to evaluate petroleum source potential of the Lower Cretaceous , ] ] ]
abl_mdance C_>f tuffaceous maf_eﬂal- Rock-Eval data H}dlca_te _that both area. In a prior Study (Macquaker/ Keller, and Tayl(?rf 199?) of the Lower succession. Rock-Eval prol sis includin ptotal oreanic carbon analvsis was Kemik ISan3dﬁ»t$ne 1.0 0.73 1.06 0.16 434 103 17.4 6.6 0.43 0.79 Lithostratigraphic ~ Sample Total Organic Carbon, wt%  HI (Hydrogen Index) Ol (Oxygen Index) P (Production Index) ~ S1, mg HC/g rock 2, mg HC/g rock $3, mg CO2/g rock Tmaxin °C ginoe 11595 - : :
units are primarily type II, oil-prone source rocks with similar TOC, Cretaceous succession in outcrop along the Canning River (shown as ¢ d, = py yl Y & ! X & - ¢ d y SRR o= (0.68-1.36) (0.30-0.87) (0.58-2.0) (0.12-0.21) (429-437) (64-159) (10-31) (2.3-12.5) (0.27-0.64) (0.33-1.26) R [t 0O 1 2 3 4 5 6 0 100200300400 500 0 5 1015202583035 0 01020304050607 O 1 2 3 4 0 5 101520 25 30 0 05 040608 1 12 0 1020 30 40 50 60 70 400 410 420 430 440 450 O 20 40 60 80100120140 ] § ] ]
although, apparently the pebble shale unit has better oil-generating Emerald Island below), lithofacies variation was documented at a Eerkorn}e on core samp efs.h 'pg'ro‘x;ma;te y *gm 10 mlﬁ stone was S 11608 11600 ] ]
characteristics as indicated by higher hydrogen index (HI) values. millimeter to centimeter scale within the pebble shale unit. However, fro ﬁn ron11 a‘ren}n}? nt pﬁec.e (?1 the mh i ug fcorehsar?lp €s- T N cor(ei p1Ce1§ce1 k 11605 - K 1 T ]
The Hue Shale, however, has generated petroleum (PI approximately this section is too weathered for meaningful source rock evaluation. i Wil Erar }71313, elle o u% 31m11ar oL aSt use hor t, eht mn SeCFIOI;StE Yr f ! o1 11615 27 ?Hue Shal
0.15- 0.35; S1/TOC=0.4-1.0), resulting in reduced HI values, while A1 TISEEERETally Uil ol EE] Sl BIatle UeklsEita: Ci)lntame abundant ?Hue Shale . e < 1 1 QG:;mafReay Zone)
the pebble shale unit has not (PI < 0.1; S1/TOC approximately 0.3). In this study, we collected 47 core samples through 96 feet of section of pyrl'zie, dobv10us i, gmndl ansireiellvzzel coaiings o wealnersd G vrehe (Gamma-Ray Zone) 11615 -
These data suggest that this Hue Shale interval has a lower the Mobil-Phillips Mikkelsen Bay State #1 well in order to evaluate the avorded. RO Ck Eval Da.ta. 11,625 11625 1620 1 1 1
activation energy than the pebble shale unit, probably related to variation in lithofacies, petroleum source rock potential, and kerogen Rock-Eval Ivsis is the th 1 distillati (f . e b a2 N 1 1 = S A S 1~ A I« N = Y A 1= S N N N e > T S A I A ) I I **\” 3 ( S i KT —————
differences in their original depositional environments reflected in type at the fine scale of depositional bedding in the Lower Cretaceous OCI 'bYa pyrolysis is the tkerm'il' istillation o kreeforganﬁc C0n11<p0un = 11625 — \
their varying facies. succession. This well has one of the few complete cores of the Lower (mostly bitumen 1N SOUTCE TOCKS, OIL 1N TESEIVOLL roc s) from the rock matrix SPL | TR TG 11,635 11635 11630 1 1
Cretaceous succession of the North Slope region between the NPRA and follov:eccii 1})1}7 aEEdng ol t}{)e 1r§01uge (}rg?mc matt tet, léeré) gem- T}}e analyg s ID. | Depth, ft | TOC S1] s2[ S3[TMAX| | HI ol S2/S3 $1/T0C ot 3 5 : Pebble Shal
the ANWR. Our samples comprise the upper part of the Kemik reported here were run by Humble Instruments and Services Inc., using 47 11606 282 219 6.02] 039 435 213 14 15.44 0.27 0.78 B3 f 1 1 B ] 11635 : ] ebble Shale
Sandstone, the pebble shI;Ie unit, aI;d the 1owe§I;)artIZ)f the Hue Shale or staridard ROCk_EV}?l programmed pyrolysis techniques. See Data Tables and a5 Ti608.17 | 56| 164 1606 036|432 267 5 ast 011 03 e g 11645 [’E’ * (‘ % : {E/' < 11640 - o
. explanation at right. 44 11612 21| 085 378 04| 437 180 19 9.45 0.18 0.40 o | , o ] ] 1 1 1
GRZ. Here we present the results from Rock-Eval pyrolysis and P & 43 11613.08 | 2.96]  2.06] 11.75| 0.46 438 397 16 25.54 0.15 0.70 it N \ 1 T M Wi N 11645 - ] ] [ Dase of Hue Shale GRZ
lithofacies analysis of this succession. See also Keller and Macquaker 42 11614.83 | 3.21 18] 7.4 047 436 231 15 15.74 0.2 0.56 11655 T | = ] L, ] — et [ ] ] ] L)
41 1617.75 | 36| 2.23] 7.44] 048 437 207 13 155 0.23 0.62 7 — ] 1 'y T 11650 ] ]
(2000), Macquaker and Keller (2000), and Keller and Macquaker (2001). 40 11618 333 2.84] 6.22] 0.69 430 187 21 9.01 0.31 0.85 N . ; 4 ] ,} ] N /:t 1 K 1 :
39 11621.67 | 3.16] 1.23] 1.87] 1.01] 431 59 32 1.85 0.4 0.39 ==L L. o« B T 1 e ==t > 11656 1~ E E
38 11626 32] 311 7.29] 0.32] 433 228 10 22.78 03 0.97 o i — ~, - 1 1 ] JUNNBNEEC, 1 = S S A A
37 11626.75 | 3.89] 2.12| 4.29] 0.41] 432 110 11 10.46 0.33 0.54 11665 } /7‘ - =9 ] ‘I P N 11660 1 1
36 11628.08 | 4.69] 3.21] 0.87] 051 434 210 11 19.35 0.25 0.68 Kemik : K = ] 1 [ / I ] ] ]
35 1162958 | 249 1.93] 552 047| 435 222 19 11.74 0.26 0.78 - 675 1678 L‘r ¢ e ] g. g- } / I 1o r ) Kemik
Studv Area and Stratieraohic F K Lithofacies Log for Lower Cretaceous 1 EAERIPFIDEE RN | ' * i B : r v {1 T
u y rea an ra lgrap 1€ rramewor Ve [ GukFm Successsion from 11,605 - 11,705 ft. 32 11635 41| 1.12] 802 041 437 196 10 19.56 0.12 0.27 oil generation 11675 - g
CENOZOIC Mobil-Phillips Mikkelsen Bay State #1 31 |pebble 11637 4.28]  1.17| 13.19] 0.36] 441 308 8 36.64 0.08 0.27 SEB CEgR=C>1ES . Sis — migrated oil 11680 - : :
W 20 5 API# 50-029-20055 30 |pebble 11638 4.09 1.12| 12.16| 0.38| 437 297 9 32 0.08 0.27 1165 3 **Log depth, in ft, is given as measured depth (m. depth) along the borehole and is not equiv-
& . . . 29 pebble 11639.17 4.59 1.45| 12.77] 0.39] 436 278 8 32.74 0.1 0.32 ' alent to depth marked on the core. Logs are shifted down 6 ft to correlate with the core.
: e s B S B-1 7 I R DISCUSSION
— o i ation pebble . . . ] . . d . g
0 30 mi z _ — 11,605 26 pebble 11644.17 4.31 1.3] 15.32| 0.54| 435 355 13 28.37 0.08 0.30 All depths are in ft. as marked on the core.
L 1 ! < % == 25 pebble 1164575 | 561 1.6 20.12] 0.55 436 359 10 36.58 0.08 0.30
. S il 24 pebble 11647 333 0.82] 1021] 048] 438 307 14 21.27 0.07 0.25 . -y .
- ® — Exploratory or delineation well € | CRETACEOUS = 23 pebble 11649 314 119 995 043 437 317 14 2314 011 0.38 Rock-Eval results and derived parameters (Peters, 1986) within the sampled succession of
Beaufort Sea o, e . HuaStze - 11615 22 pezg:e 111162;5 g-gg ?-gg " -g; 00:71 3% gfg " gg-gg 0603 g-gi RO CK'EVAL AND PETROPHYSICAL DATA the Mikkelsen Bay State #1 well suggest 2 units of fairly uniform character and an upper,
: \ \ N oy Zone) 20 pebble 165275 | .15 .26 1091 0.68] 441 346 2 15.81 0.1 0.40 more variable unit. These units correspond to the upper part of the Kemik Sandstone, the
Ny . G e Y 19 pebble 1165375 | 275/ 145] 8.24] 037 440 300 13 2227 0.15 053 On the basis of results from Rock-Eval pyrolysis (shown at left and above) the Lower lower part of the pebble shale unit, and the upper part of the pebble shale unit and possibly
L e %5 o o £ 144 R 11,625 - SZEE:Z 111166%56_353 2;?3 2 22‘_‘1‘2 8;3;‘ 33(1) ;gg = Sg;ﬁ? 8;‘1’2 g:gi Cretaceous succession in this well can be divided into 3 units that are fairly well Kel‘Ogen Type From the lower part of the Hue Shale. The Rock-Eval characteristics of the 3 units are consistent
AT 0 ~ 08 .. 59 S N 16 pebble 1165825 | 3.68] 191 1128 04| 439 307 11 28.2 0.14 0.52 stratigraphically confined. In the discussion that follows, all depths are given as marked on with borehole geophysical log signatures and lithofacies. However, picking the base of the
21- 25 0% 2 2| wurassic \ 15 pebble 11660 462 1.2[ 16.26] 0.41 440 352 9 39.66 0.07 0.26 h 1 herwi G (Claiis el e G 1 to th d deoth HI vs. Ol 5EOPIY & 518114 . . / prexing
7 2R @5 Ve JH, L N 12 [N 11661 581 131l 858 05 441 305 18 17.16 0.13 047 the core unless otherwise noted. Core depth minus 6 ft is equal to the measured depth (m. Hue Shale or gamma-ray zone in this well is problematic in that a previous gamma-ray log-
J s 2:: PR e X .":ffgo 47 £l | 208 ) 'sag River S5 \ 11,635 13 pebble 11662 4.18]  0.94] 18.33] 0.32 440 439 8 57.28 0.05 0.22 depth) along the borehole used for the logs. The upper part of the Kemik Sandstone has Average Hvdrogen Indices 750 based pick (Nelson and others, 1999) shows it to occur at approximately 11,644 ft (m. depth)
. j\ Mlkke|sen§8ay # 26@ 3;5 4 = o % [ I N . 12 pebble | 11662.5 3.38 1.03| 14.16] 0.27| 437 419 8 52.44 0.07 0.30 sonic trayel times of 70 microseconds/ ft or less, the hlghest resistivity (10'30 Ohm m ) of the g y g 1 within what we describe as the pebble shale unit. Although the interval above 11,644 ft (m
‘.;j'f < s 1%‘” LY ? g| THisse _ [ et and ronmarn 114 11 Kemik 11664 091 03[ 058 0.5 437 64 16 3.87 0.34 0.33 three urits, and th? lowest gamma-ray OIS = typically less than 80 API units. Aver age 7 ’/ depth) has relatively higher gamma-ray response, the Rock-Eval results and lithofacies are
/) ¢ S ‘ p 4 s Saglerochit clastic deposits \ 10 Kemik 116655 | 123 071 1.96 0.21 437 189 i 82 Loy Ul TOCis 1 wt %, S2 is 1.1 mg HC/ g rock, and S1 is less than 1 mg HC/g rock. The production 30 30 4! -1 consistent with its inclusion in the pebble shale unit, and we place the base of the Hue Shale
i 13® { - ﬁ PERMIAN I[m]:[ | E Lmesone h N Eent;fle Shate g ﬁ::::: Hgggg 3:22 g:g; 0.72 g:lg 3% 1;67 th 23.23;2 O%g g:gg index (PI) is t?e high)est of the; succession averaging 0.43, and the hydrogen index (HI) is the ] ] 600 ! Jtags higher in the core based on the abundance of bentonitic material, mineralized coatings, and
N l S M 26 . spdddomie - Tgwme T HESESEE 7 Kemik 11670.5 121 0.67] 091 0.12] 434 75 10 7.58 0.42 0.55 lowest at 103 (64-159) me HC /¢ TOC. . A ~ . | e . . ..
A o | 3 | | ﬁffur;e il P 11,655 = 6 Kemk _Ti6r2 | 109 060l 144 o016l i v o 052 oL & & % 25 S 25 | E o weathering that reflect a change in composition.
‘ - ey S/ CARBONIFEROUS \ ! . . : - : : : : : : : . o 4 = : v
o, . @10, v Endioott . N 4 Kemik 11675 069| 083 074] 0.14] 433 | 107 20 529 0.53 1.20 The lower part of the pebble shale unit has sonic travel times of approximately 90 = ] 4 5 on 1 — iy For the upper part of the Kemik Sandstone, the low TOC and high PI suggest that it
3 Te % c‘:“?";i‘fff\j!flj;}()L“,\\.‘V Group ] wai N T 3 Kemik Uewps | Give)  Wen] Gag] Dol cop A 31 2.29 0.64 126 microseconds/ft for the lower 19 ft and 90-100 microseconds/ft in the upper 10 ft. \0720 - A %) 20 i = 450 i contains migrated hydrocarbons and is not a source rock. In the overlying mudstone
&N o Emerald Island™ i.év,fz;él IK\l()UNT\l\% L 360 - Granite h « Kemik *Tmax data not reliable due to low kerogen S2 value Resistivities are 4-6 ohm m, and gamma-ray response is significantly higher than the Ker?ik (I) 15 § A T 15 . ~ g 7 % ': a SLlfavlveeflginofthepebble succession the Rock-Eval data as well as new geochemical data (Lillis, Keller, and
I N 02 RN (e S £y | Sandstone Sandstone, ranging from approximately 125-165 API units between 11,658 and 11,639 ft (m. R A o E = 11 , ) Macquaker, unpublished data; May, 2001) from pyrolysis GC, elemental analysis of isolated
‘ — N N NS A 38 S~ Lk S1, content of f icc ds (less th imately C33), i HC/g rock ] g g . (o) . A m S ! o Upper part of pebble shale q » unp 0 Y ] pyroly 0 Y
\ o N 0D { \ ot | 22 DEVONIAN 1O, M s \ _ e = a?;loir;t% f }:;fi ?;g;gon:f(fgg)ugene(r jted b?}“pi}lzglr;;;ﬂ(l;li S}’soi?g l;?t::;r%en), ingr;?g HC /g rock depth), and ’Fhen increasing to greater than ZQO API units over the next 7 ft. Average TOC is = 10 . Aﬁf& E . : :3)’ | & -:A unit and ?Hue Shale kerogen, column chromatography of bitumen extracts, and gas chromatography of the
f ; N, & (¥ g BROOKS T | B m MR N ES S3, the organic carbon dioxide released to 390 © C, in mg CO2 /g rock 4 wt %, S2 is 13.6 mg HC/g rock, and Sl is generally 1-2 mg HC/g rock. The average c B = g 3 300 a O Kemik Sandstone saturated hydrocarbon fraction suggest that there are 2 distinct petroleum source units. We
' \ _ NORTYERN MARGIT Y : | See o * Tmax, the temperature of maximum S2 yield in © C prodgction i.ndex (PI) is the lowest of the 3 units averaging 0.09, and the hydrc?gen index Ql ] f 8]) . . x. * wt also considered the possibility that the pebble shale unit has already generated and
, , D , Stratigraphic column for the northern part of the Arctic celo Change—e-T1688 - EE— TOC, the total organic carbon in weight % (HI) is the highest at 336 (278-449) mg HC/g TOC. On plots of 52 vs TOC (At Right) (after n 5 9] v 104 subsequently expelled hydrocarbons --thereby lowering its S1 values; however, we found
Index Map showing the location of the Mobil-Phillips Mikkelsen Bay #1 well of this study. Also shown Nl Wchs Refre Bl ot 6 F=7 carbonate cemented mudstone HI, the hydrogen index, 52/ TOC, an indicator of kerogen type, in mg HC/g Corg Langford and Blanc-Valleron, 1990) the average HI of the lower part of the pebble shale unit ] ] I no geochemical or geologic evidence to support this.
are important wells near the 1002 area of the Arctic National Wildlife Refuge and Emerald Island, where . . . - . ) = X sandstone with_minor mudstone O], the oxygen index, S3/TOC, an indicator of kerogen type, in mg COZ/g Corg (Samples 12—31) is 447 mg HC/g TOC. The 52/53 ratio is the hlgheSt of the SUCCGSSion, 0 | L s e O . T T T T T T T T T T T T T T T T T T T [T 17 © P
the Lower Cretaceous succession is described by Macquaker, Keller, and Taylor (1999). mudstone intervals are shown as solid black lines. o s 11705 275 iterbemonticmudione PI, the production index, 51/S1 + S2. An indicator of thermal maturity in a source rock, el A, st A e s 4 150 of o . o
’ ’ All depths are in ft. as marked on the core. generally 0-0.4. An oil stained rock will have anomalously hlgh PL & y 4 & ’ 0 1 2 3 4 5 6 O 1 2 3 4 5 6 - ,'D ————————— i The lower Part Of the pebble shale unit is a tYPe Hf Oll'Prone SOUI‘CG. rock that is JUSt
S2/83, used in the characterization of kerogen as surrogate for ratio of F/O ) ) T in Wt © T in wt© 1 oo -7 entering the oil window and hasn't reached peak hydrocarbon generation, whereas the
S1/TOC, the ratio of hydrocarbons generated, in mg HC/g Corg The upper part of 'the pebble shale unit and possibly the GRZ of the Hue Shale generally oC I% ocC ke ] 'DI,«D‘ mudstones in the overlying unit have generated hydrocarbons. This upper and more
Ack led " haye SOHlCdtr/af\;el .tlm.zs Otf 95511?}5: mlCIOSGCODd‘;/ ft,bbUt tthese detCI;ieé}S(t? to %GS_S :ﬁaﬂ 80 Lower part of pebble shale unit, Upper part of pebble shale unit - variable mudstone succession, equivalent to the upper part of the pebble shale unit and
cKnowle ements microseconds/ 1t colncident wi € occurrence of carbonate cemented intervals in the core _ _ L L ‘ possibly the lower part of the Hue Shale, is also predominantly type II, oil-prone source
g at approximately 11,615 ft. Gamma-ray response is approximately 150-180 API units, and Hl= 447 and ?Hue Shale, HI= 310 0 50 100 150

rocks; however, these mudstones, for the most part, have already generated hydrocarbons,
thereby lowering S2, TOC, and HI and relatively increasing S1 values. This explains their
low present day average HI value determined by plotting S2 versus TOC. The original S2
and TOC values for this upper unit were probably closer to or greater than present values
for the lower part of the pebble shale unit, suggesting that the kinetics of hydrocarbon

We thank Mobil Oil Company (now Exxon/Mobil) for permission to sample and analyze their core, Michael
Mickey and Hideyo Haga for sharing their analysis of the fauna and flora, and Mary McGann and Isabella
Premoli Silva for identifying calcitic, benthic foraminifera in thin section. We also appreciate the stimulating
discussions we have had with many individuals -- too numerous to name (you know who you are), review of
the abstract by Ken Bird, and poster production by Zenon Valin.

resistivity varies from approximately 2.5-4 ohm m except in the carbonate cemented interval, Oxygen Index (OI)

where it rises to 10 ohm m. Average TOC is 3.5 wt % and S2 is 7.2 mg HC/g rock. S1 is
significantly higher than in the lower pebble shale unit, and generally in the range of 2-3 mg
HC/g rock. The production index (PI) is much higher than in the lower part of the pebble

shale unit -- averaging 0.23, and the hydrogen index (HI) is lower -- averaging 204 (59-397)
mg HC/g TOC. On plots of S2 vs TOC (At Right) the average HI of this unit, excluding 4
outliers, is 310 mg HC/g TOC. The S2/S3 ratio is generally 10-20.

generation in the upper unit are faster. The one sample, #39, that might be interpreted as
gas prone (Peters, 1986) because of very low S2 and HI, despite 3.16 % TOC, is from a
weathered sample of the core within the upper unit.

and has not been reviewed for conformi
ial stan ith the Nort

Manuscript approved for publication December 19, 2001




